Let us describe ultrasound waves emitted from transducer elements of a phased-array ultrasonic probe. To achieve a frame rate over 200 Hz under a typical pulse repetition frequency of 5 kHz (realized by the ultrasound system used in the present study with an observation range setting of 130 mm), the number of transmits should be \25. Therefore, in the present study, plane waves or diverging waves were transmitted in 15 directions fmHgðm ¼ �7; �6; . . .; 0; 1; . . .; 7Þ with angular intervals of H ¼ 6 � . The ultrasonic wave g i;m ðp; tÞ at time t from the time of transmission, which is emitted from the ith transducer element (i = 0, 1, …, L -1) in the mth transmission and insonifies to a spatial point p ¼ ðr; hÞ, as shown in Fig. 1 , is expressed as follows: 
.; L � 1Þ ð3Þ
The time delay T TBF,i,m applied by the transmit beamformer is greater than or equal to zero. For a circular planar transducer, the Fresnel zone (range of near field) is defined by the diameter of the aperture D and the ultrasonic wavelength k as D 2 /(4k). The aperture width D of the sector probe and the ultrasonic wavelength k used in the present study were about 20 mm and about 0.4 mm (center frequency 3.75 MHz), respectively. Although the phased-array probe used in the present study was not circular, the range of near field can be approximately obtained based on this equation. The range of the Fresnel zone of the probe used was 250 mm, and thus a range of about 130 mm, which was imaged in the present study, was included in the near field. In the near field, the width of a plane wave is constant. On the other hand, in ultrasonic imaging in sector format, the lateral width of a small sector imaged by one transmission increases with range distance, and thus the performance of a plane wave would be limited because the lateral width of a plane wave does not increase with range distance in the near field.
To solve this problem, in the present study a diverging wave, illustrated in Fig. 2a , was used for transmission in addition to a plane wave. In synthetic-aperture imaging, each element is individually used to emit a spherical wave. Such diverging waves would be useful for ultrasonic imaging in sector format. However, the intensity of the emitted wave would significantly decrease because a single element is used. Alternatively, spherically diverging waves [22] can be produced using all the transducer elements in every transmission. In the present study, such a diverging wave was realized by applying a time delay T TBF,i,m to the ith transducer element in the mth transmission, given by 
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Parallel receive beamforming
In this study, ultrasonic beams (plane or diverging waves) emitted in 15 directions at angle intervals of H ¼ 6 � and 16 receiving beams with angle intervals of 0.375°were created for each transmit to realize a similar number and density of scan lines as obtained by conventional sector scanning. The value, b O m ðpÞ; of the beamformed radio frequency (RF) signal at a spatial point p is generated from ultrasonic echo signals {y i,m (t)} received by the elements ði ¼ 0; 1; . . .; L � 1Þ; which contain echoes scattered at all points illuminated by the mth transmission, as follows:
where w r;i ði ¼ 0; 1; . . .; L � 1Þ corresponds to the receive apodization, and s RBF;i;m ðpÞ is the time delay which should be applied by a receive beamformer to compensate the propagation delay of the emitted wave from the probe to p and that of the scattered wave from p to the ith element. The time delay s RBF;i;m ðpÞ, which was applied by the receive beamformer to echo signal y i,m (t) received by the ith element, is given by
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The second term of Eq. 6 corresponds to the propagation delay of a scattered echo from the spatial point p to the ith element. The first term, T TW;m ðpÞ; of Eq. 6 corresponds to the propagation delay of the emitted ultrasonic wave to spatial point p, which depends on the receiving beam angle h. In the present study, as illustrated in Fig. 1 , for a plane wave, T TW;m ðpÞ was assigned as follows:
For diverging waves, as illustrated in Fig. 2b , T TW;m ðpÞ was assigned as follows:
z ¼ �r f cosðmHÞ þ r 0 cosðmHÞ � r cos h; ð10Þ
where (x, z) is the position of p in Cartesian coordinates. By changing hððm � 0:5Þ � H � h\ðm þ 0:5Þ � HÞ at intervals of 0.375°at each range position r in each of the m 
where the number of averaged signals is expressed by (2M s ? 1), w j is a weighting function, and m 0 is the transmission number that gives the minimum difference between the direction of transmission mH and the direction h of point p ¼ ðr; hÞ: As can be seen in Eq. 12, the moving average operation corresponds to a Fourier transform with respect to angular frequency f h of zero. The spatial frequency spectrum obtained by Eq. 12 is expressed by the convolution of the spatial frequency characteristics of w j and b O m ðr; hÞ, and thus the spatial frequency characteristics of the low-pass filtering applied by the moving average operation is determined by that of the weighting function w j . It is well known that a rectangular weighting function exhibits a higher sidelobe level in the frequency domain, which corresponds to
where the number of compounded signals is expressed as (2M c ? 1) . In the present study, Hanning weighting was used in spatial compounded signals, expressed as follows: 
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where the number of compounded signals is expressed as (2M c ? 1). In the present study, M c was determined from the angular width of the emitted wave by considering the transducer geometry, as illustrated in Fig. 4 . For plane waves, the angular width h w at range distance r is given by
For diverging waves, the diverging angle / is obtained as follows:
In the present study, using the diverging angle /, the lateral beam width l w at range distance r is approximately given by
The angular width h w for a diverging wave is obtained as follows:
The number of compounded signals (2M c ? 1) is determined so that the contribution of the emissions whose directions are different from the direction of interest h by larger than half the angular beam width h w is gradually decreased. In the present study, this was given by ð2M c þ 1ÞH=2\h w : To satisfy this condition, the number of compounded signals was determined as follows:
In the present study, the angular beam width h w was introduced to consider the relationship between the beam width and the interval of transmit beams, because sparser transmissions require a larger beam width to illuminate a larger region between the directions of successive transmissions. The angular beam width is more convenient than the beam width in distance, because the angular interval of transmit beams does not change with the range distance, whereas the interval in distance changes. In Fig. 5 , angular widths {h w } calculated for plane and diverging waves using Eqs. 15 and 18 are plotted as functions of range distance r (the aperture size L � Dx ¼ 19:2 mm was the same as that of the ultrasonic probe used). The angular width h w of a diverging wave at distance r f from a virtual point source larger than 100 mm does not change so much compared with that of a plane wave. At the longest range distance of interest in the present study ( 
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